pyrrole, 3d,5 and imidazolium ring 6 have been prepared to date. Those chemosensors usually form strong hydrogen bonds between their N-H hydrogens and fluoride anion. Recently, tri-coordinate organoboron compounds such as dimesitylboryl [B(Mes) 2 ] compounds have been found to achieve highly efficient fluoride anion detection using specific Lewis acid-base interaction.
7 Fluoride chemosensors based on tri-coordinate boron moiety such as B(Mes) 2 bind with fluoride anion to afford strong B-F interaction, which can change the lowest excited state or block the intramolecular charge transfer. 8 Thereby, the photophysical properties can be changed. However, the output signals of fluoride anion selective chemosensors have usually been absorption and/or fluorescence. 3c,9,10 Nowadays, phosphorescent chemosensors have also been developed for the detection of fluoride anions [11] [12] [13] since the first phosphorescent fluoride sensor reported by Gabbai et al.
14 Phosphorescent chemosensors are quite attractive because the relatively long life time of phosphorescence can eliminate the interference of the shorter-lived background fluorescence and/or scatterring light usually present in biological samples.
12 Among the various types of phosphors, cyclometalated iridium(III) complexes that have been used, for example, as an efficient phosphorescent dopant in organic light emitting diodes (OLEDs) 15 or as a phosphorescent chemosensor for the selective detection of mercuric ion 16 have excellent photophysical and electrochemical properties. However, only a few fluoride anion chemosensors based on iridium(III) complex have been reported.
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In this paper, we report the synthesis of a novel phosphorescent iridium(III) complex, Ir(p-B-ppy) 2 picolinate (1), where p-B-ppy is 2-(4-(dimesitylboryl)phenyl)pyridine, and its application to the selective phosphorescent detection of fluoride anion.
A multi-step synthetic pathway leading to Ir(p-B-ppy) 2 picolinate (1) is shown in Scheme 1. The main ligand (2), which was prepared by Suzuki coupling of 4-bromophenylboronic acid with 2-bromopyridine and then substitution of the bromo group with B(Mes) 2 group via the procedure reported, 18 was treated with iridium(III) chloride trihydrate in the mixed solvent of 2-ethoxyethanol and water to afford iridium chloride-bridged dimer 3, [(p-B-ppy) 2 IrCl] 2 . The iridium chloride-bridged dimer 3 was then treated with picolinic acid in 2-ethoxyethanol in the presence of sodium carbonate to afford Ir(p-B-ppy) 2 picolinate (1).
The UV-vis and photoluminescence spectra of Ir(p-B-Notes ppy) 2 picolinate (1) in acetonitrile were compared with those of Ir(ppy) 2 picolinate, which does not contain B(Mes) 2 groups and was prepared according to the reported procedure, 19 in acetonitrile as shown in Figure 1 . The weak absorption bands in the range of 400-600 nm of the UV-vis spectrum obtained with Ir(p-B-ppy) 2 picolinate (1) (10 μM) can be assigned to spin-allowed metal-to-ligand charge transfer ( Due to the ligand-centered (LC) π-π* transition, there is an intense absorption band at around 280-350 nm. The photoluminescence spectrum of iridium(III) complex 1 (10 μM) in acetonitrile shows a maximum wavelength at 580 nm upon its excitation at 392 nm. The UV-vis and photoluminescence spectra of Ir(p-B-ppy) 2 picolinate (1) shown in Figure 1 are quite red-shifted compared to those of Ir(ppy) 2 -picolinate. The π conjugation in the phenylpyridine (ppy) ligand is expected to be extended through the boron atom of the B(Mes) 2 moiety and the extended π conjugation might be responsible for the red-shifted UV-vis and photoluminescence spectra of Ir(p-B-ppy) 2 picolinate (1).
The binding affinities of the iridium(III) complex 1 (10 μM) for various anions (100 μM, tetrabutylammonium salts of F − , Cl
were studied by the phosphorescence spectra in acetonitrile as shown in Figure 2 . The phosphorescence was almost completely quenched upon the addition of fluoride anion while almost no-quenching was absorbed upon the addition of the other anions. The selectivity of iridium(III) complex 1 for various anions was graphically evaluated by the percent decrease ratio of the phosphorescence intensity, (I o −I)/I o %, where I o and I are the maximum emission intensities of iridium(III) complex 1 in the absence and presence of anion, as depicted in Figure 3 . The iridium(III) complex 1 shows a pronounced selectivity for fluoride anion over the other anions. The high steric hindrance exerted by the B(Mes) 2 group of iridium(III) complex 1 might be responsible for the size-selective anion-boron binding interaction.
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To further investigate the binding properties of the iridium (III) complex 1 (10 μM) for fluoride anion, the absorption and phosphorescence titration experiments were carried out. The absorption titration spectra of iridium (III) complex 1 upon the addition of fluoride anion are shown in Figure 4 . Upon the addition of fluoride anion, the absorption intensity of iridium(III) complex 1 at 330 nm was found to decrease constantly and, consequently, the color was changed from orange to pale yellow in the ambient light, which can be observed by the naked eye (Figure 4 inset) . The strong B-F interaction between the B(Mes) 2 moieties of the complex and fluoride anion is expected to interrupt the π conjugation extended through the boron atom and, consequently, the absorption maximum should be blue-shifted upon the addition of fluoride anion.
The phosphorescence titration spectra of iridium(III) complex 1 upon the addition of fluoride anion are shown in Figures 5. As the concentration of fluoride anion was increased from 0 equiv to 7 equiv, the emission maximum shifted from 580 nm to 599 nm and the emission intensity was found to decrease constantly. As the concentration of fluoride anion was increased from 7 equiv to 8 equiv, the emission maximum shifted slightly from 599 nm 597 nm and the emission intensity was found to decrease slightly. As the concentration of fluoride anion was increased further from 8 equiv to 9 equiv and then to 10 equiv, the emission maximum shifted from 597 nm to 585 nm and then to 543 nm, but the emission intensity was found to remain almost constant. From the phosphorescence titration data, association constant (K) of iridium(III) complex 1 with fluoride anion was calculated to be 2.50 × 10 4 M −1 according to the Benesi-Hindebrand expression. (Figure 7) . In summary, a novel fluoride anion selective phosphorescent chemosensor based on iridium(III) complex bearing B(Mes) 2 groups was prepared. The chemosensor was found to exhibit outstanding high selectivity for fluoride anion. Upon the addition of fluoride anion to the acetonitrile solution of the chemosensor, the color of the solution was changed from orange to pale yellow and the phosphorescence was almost completely quenched. Consequently, the new iridium(III) complex (1) prepared in this study could be used for the selective detection of fluoride anion in acetonitrile even in the presence of other anions.
Experimental Section
General. 4-Bromophenylboronic acid, n-BuLi (1.6 M in hexane), 2-bromopyridine, Pd(PPh 3 ) 4 , dimesitylboron fluoride [B(Mes) 2 F] were purchased from Aldrich. Iridium(III) chloride trihydrate was purchased from Acros organics.
All glass wares, syringes, magnetic stirring bars were completely dried. Reactions were monitored with thin layer chromatography (TLC). Commercial TLC plates (Silica gel 60 F 254 , Merck Co.) were developed and the spots were seen under UV light at short wavelength of 254 nm and long wavelength of 365 nm. Silica column chromatography was done with silica gel 60 G (particle size 0.063-0.200 mm, 70-230 mesh ASTM, Merck. Co.)
The 1 H NMR and
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CNMR spectra were recorded on a Varian Mercury Plus 300 MHz spectrometer. High-resolu- Phosphorescent Spectra Measurements. The phosphorescence measurements were carried out by exciting at 392 nm with excitation and emission band width of 20 nm. The sample solutions were prepared by mixing a measured amount of the stock solution of Ir(p-B-ppy) 2 picolinate (1) with a measured amount of the stock solution containing anions and then diluting with acetonitrile to achieve the desired concentrations of Ir(p-B-ppy) 2 picolinate (1) and anions.
